Loose association of ribulose 1,5-bisphosphate carboxylase/oxygenase with chloroplast thylakoid membranes.
The intra-chloroplastic distribution of ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO) between thylakoid membranes and stroma was studied by determining the enzyme activities in the two fractions, obtained by the rapid centrifugation of hypotonically disrupted chloroplast preparations of spinach and pea leaf tissues. The membrane-associated form of RuBisCO was found to increase in proportion to the concentration of MgCl2 in the disrupting medium; with 20 mM MgCl2 approximately 20% of the total RuBisCO of spinach chloroplasts and 10% of that of pea chloroplasts became associated with thylakoid membranes. Once released from membranes in the absence of MgCl2, addition of MgCl2 did not cause reassociation of the enzyme. The inclusion of KCl in the hypotonic disruption buffer also caused the association of RuBisCO with membranes; however, up to 30 mM KCl, only minimal enzyme activities could be detected in the membranes, whereas above 40 mM KCl there was a sharp increase in the membrane-associated form of the enzyme.Higher concentrations of chloroplasts during the hypotonic disruption, as well as addition of purified preparations of RuBisCO to the hypotonic buffer, resulted in an increase of membrane-associated activity. Therefore, the association of the enzyme with thylakoid membranes appears to be dependent on the concentration of RuBisCO. P-glycerate kinase and aldolase also associated to the thylakoid membranes but NADP-linked glyceraldehyde-3-P dehydrogenase did not. The optimal conditions for enzyme association with the thylakoid membranes were examined; maximal association occurred at pH 8.0. The association was temperature-insensitive in the range of 4° to 25° C. RuBisCO associated with the thylakoid membranes could be gradually liberated to the soluble form upon shaking in a Vortex mixer at maximal speed, indicating that the association is loose.